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Voltage Harmonic Compensation of a Microgrid Operating in 
Islanded and Grid-Connected Modes 
 
 
  
Abstract: In this paper, a method for voltage harmonic 
compensation in a microgrid operating in islanded and grid-
connected modes is presented. Harmonic compensation is 
done through proper control of distributed generators (DGs) 
interface converters. In order to achieve proper sharing of 
the compensation effort among the DGs, a power named 
“Harmonic Distortion Power (HDP)” is defined. In the 
proposed method, the active and reactive power control 
loops are considered to control the powers injected by the 
DGs. Also, a virtual impedance loop and voltage and current 
proportional-resonant controllers are included.  Simulation 
results show the effectiveness of the proposed method for 
compensation of voltage harmonics to an acceptable level.  
 
Keywords: Distributed Generation (DG), Microgrid 
(MG), voltage harmonic compensation, grid-
connected, islanded. 
1. Introduction 
Distributed Generators (DGs) may be connected 
individually to the utility grid or be integrated to form a 
local grid which is called microgrid (MG). The MG 
can operate in grid-connected (connected to the utility 
grid) or islanded (isolated from the utility grid) modes 
[1]. DGs often consist of a prime mover connected 
through an interface converter (e.g. an inverter in the 
case of dc-to-ac conversion) to the power distribution 
system (microgrid or utility grid). The main role of this 
inverter is to control voltage amplitude and phase angle 
in order to inject the active and reactive powers. In 
addition, compensation of power quality problems, 
such as voltage harmonics can be achieved through 
proper control strategies.  
In [2]-[4], some approaches are presented to use DG 
for voltage harmonic compensation.  
A single-phase DG capable of improving voltage 
waveform is presented in [2]. For voltage harmonic 
compensation, DG is controlled to operate as a shunt 
active power filter. In the other words, DG injects 
harmonic current to improve voltage waveform.  
The approach of [3] is based on making the output 
voltage of the DG nonsinusoidal in a way that after 
voltage drop on the distribution line, voltage waveform 
at the point of common coupling (PCC) becomes 
sinusoidal. This approach is effective for PCC voltage 
improvement, but, its negative effect on the power 
control of DG is not analyzed.  
An approach for compensation of voltage harmonics 
in an islanded MG is presented in [4]. In this approach 
which is implemented in the synchronous (dq) 
reference frame, DGs are controlled to absorb 
harmonic current of the load like a shunt active filter. 
Also, the method of harmonic compensation effort 
sharing among the DGs is presented.  
In this paper, the approach of [4] is extended to be 
applicable for both grid-connected and islanded modes 
of microgrid operation. On the other hand, the method 
of compensation effort sharing is improved. In the 
proposed method, the overall control system is 
designed in the stationary (αβ) reference frame.   
The control structure consists of the following 
loops: active and reactive power controllers, virtual 
impedance loop, voltage and current controllers, and 
voltage harmonic compensator. The details are 
provided in the next Section. 
2. DG Inverter Control Strategy 
Fig. 1 shows the power stage of the utility grid and 
the MG formed by two DGs. The MG consists of a DC 
prime mover, an inverter, a LC filter for each DG and 
also an inductor between each DG and the load 
connection point which models the distribution line. As 
it can be seen in this Fig., a three-phase diode rectifier 
is considered as the nonlinear load.  
Also, a static switch is considered to 
connect/disconnect the MG to/from the utility grid 
(grid-connected/islanded operation). A distribution line 
shown as a resistance (Rg) in series with an inductance 
(Lg) is considered between MG and the utility grid. 
The proposed control strategy for the DG inverter is 
also shown in Fig. 1. All the control loops of this Fig. 
are in αβ reference frame. The Clarke transformation is 
used to transform the variables between abc and αβ 
frames. The control system details are as follow.  
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Fig. 1: Power stage and the control system of a MG operating in grid-connected or islanded mode 
 
2.1 Power Calculation 
As shown in Fig. 1, αβ components of the DG 
output voltage ( αcv and βcv ) and output current 
( αoi and βoi ) are fed to “Power Calculation” block. 
Then, the active and reactive powers at fundamental 
frequency (P and Q, respectively) and “Harmonic 
Distortion Power (HDP)” are calculated. The details 
are as follow. 
2.1.1. Fundamental Active and Reactive Powers 
The instantaneous values of active and reactive 
powers are calculated by using the following equations 
[5]: 
)1(ββαα ococ ivivp +=  
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Then, the dc components of p and q (P and Q) 
(which are the fundamental active and reactive powers, 
respectively) are extracted by using two first-order low 
pass filters with the cut-off frequency of 2Hz. 
2.1.2. Harmonic Distortion Power 
In this paper, a power named as “Harmonic 
Distortion Power (HDP)” is used for sharing of 
harmonic compensation effort. This power is defined 
as follows: 
)3(**3 harm,rmsharm,rms IVHDP =
In equation (3), Vharm,rms and Iharm,rms are the RMS 
values of the harmonic (oscillatory) component of DG 
output voltage and current, respectively.  
In order to calculate RMS values, at first, the 
fundamental component of output voltage and current 
is extracted and then, subtracted from the total 
(including both fundamental and oscillatory 
components) output voltage and current, respectively. 
At last, the RMS of the resultant values is calculated. 
For extraction of fundamental component of output 
voltage and current, second-order generalized 
integrators (SOGIs) [6] are used. The SOGI diagram is 
shown in Fig. 2(a), where ω is the SOGI resonant 
frequency. A SOGI-based second-order bandpass filter 
(BPF), for the extraction of fundamental component, 
with the following transfer function can be achieved as 
shown in Fig. 2(b). 
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where  
• X: voltage or current 
• j and 1: subscripts represent α or β and 
fundamental component, respectively 
• ω*: reference frequency of the microgrid 
• k: a constant which determines the BPF 
bandwidth 
With the decrease of k, BPF becomes more selective 
but slower [6]. In this paper, k is set to 22 . 
2.2 Active and Reactive Power Control 
Assuming a DG which is connected to the electrical 
network through a mainly inductive distribution line, P 
and Q can be approximated as follows [7], [8]: 
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where E is the magnitude of the inverter output 
voltage, V is the network bus voltage magnitude, φ  is 
the load angle (the angle between E and V), and X is 
the distribution line reactance. Considering the phase 
angle of the network voltage to be zero,φ  will be equal 
to the inverter voltage phase angle. 
Thus, the active and reactive powers can be 
controlled by the DG output voltage phase and 
amplitude, respectively. According to this, the 
following droop characteristics [9] are considered to 
control active and reactive powers of DGs in a MG. 
∫ −+−+= )7()()(0* PPmPPm refIrefPφφ
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where 
• *E : voltage amplitude reference 
• *φ : phase angle reference 
• 0E : rated voltage amplitude 
• 0φ : rated phase angle ( ∫ dt0ω )  
• ω0: rated angular frequency 
• Pm : active power proportional coefficient  
• Im : active power integral coefficient 
• Pn : reactive power proportional coefficient 
• In : reactive power integral coefficient 
In the islanded operation of MG, Pref and Qref must 
be set to zero, because, in this mode DGs are the only 
sources of supplying the loads. In the other words, load 
imposes its required power to the DGs. Also, in this 
mode nI must be zero, because, if the controllers try to 
share Q exactly (zero steady-state error through 
integral term), voltage becomes instable [9]. 
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Fig. 2: (a) SOGI structure (b) BPF block diagram 
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Fig. 3: Virtual impedance block diagram 
But, mI may have nonzero value in both islanded 
and grid-connected modes. In the islanded mode, 
equation (7) acts as a proportional-derivative controller 
for frequency. The derivative term (mp) improves the 
dynamic behavior of the microgrid [7]. 
In the grid-connected mode, load is supplied by the 
DGs and the utility grid. In this mode, equations (7) 
and (8) act as Proportional-Resonant (PI) controllers 
which make the P and Q track the specified references.  
2.3 Virtual Impedance Loop 
Addition of the virtual resistance control loop makes 
the oscillations of the system more damped [7].  Also, 
virtual inductance is considered to ensure the 
decoupling of P and Q. Thus, virtual impedance makes 
the droop controller more stable [10]. 
The virtual impedance can be achieved as shown in 
Fig. 3, where Rv and Lv are the virtual resistance and 
inductance values, respectively [11]. As it can be seen 
in Fig. 3, the rated frequency (ω0) is used in this loop, 
since it has very low difference with operating 
frequency. Also, a fixed value is preferable to avoid 
undesirable interactions among the control loops which 
could lead to instability. 
2.4 Voltage and Current Proportional-Resonant 
(PR) Controllers 
Proportional-resonant (PR) controllers are often 
used in the stationary reference frame control systems 
[12]. In this paper, voltage and current PR controllers 
are as follow 
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where 
• pVk : voltage proportional coefficient 
• rVk : voltage resonant coefficient 
• cω : voltage central frequency 
• pIk : current proportional coefficient 
• 1Irk : current resonant coefficient at 
fundamental frequency 
• 5Irk : current resonant coefficient at 5
th 
harmonic 
• 7Irk : current resonant coefficient at 7
th 
harmonic 
As shown in Fig. 1, the voltage controller follows 
the mainly fundamental frequency reference which is 
generated by the virtual impedance loop and the droop 
characteristics. So, only the fundamental frequency 
resonant controller is considered. Also, to achieve 
more stability, the resonant part is considered as a BPF. 
[13]. 
Furthermore, since the “Harmonic Compensation” 
block output contains harmonic components (as 
described in the next Subsection), the resonant parts for 
the main harmonics (5th and 7th) are included in the 
current controller.  
Considering the parameters listed in TABLE I, the 
Bode diagrams of voltage and current controllers are as 
Figs. 4(a) and 4(b), respectively. 
As shown, current controllers provide very high 
gain at 1st (fundamental), 5th, and 7th harmonics which 
provides zero steady-state error. 
Also, voltage controller has a wider resonant peak, 
therefore is less sensitive to frequency fluctuations. 
The gain at resonant frequency is limited, however, 
still high enough to ensure a small tracking error. 
Finally, as shown in Fig.1, the output of the current 
controller is transformed back to the abc frame to 
provide the reference three-phase voltage for the pulse 
width modulator (PWM). The PWM block controls the 
switching of the DG inverter. 
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Fig. 4: Bode diagrams: (a) voltage controller (b) current controller 
2.5 Voltage Harmonics Compensation 
In this paper, the harmonic compensation method of 
[4] is improved in terms of harmonic compensation 
effort sharing. Also, the approach presented here is 
applied for both grid-connected and islanded modes of 
MG operation. 
The details of “Harmonic Compensation” block of 
Fig. 1 are shown in Fig. 5. As seen, at first, the 
fundamental component of the DG output (capacitor) 
voltage is extracted using a SOGI-based BPF (Fig. 
2(b)) tuned at fundamental frequency. Then, the 
voltage harmonics (oscillatory voltage: .harmv ) is 
extracted by subtracting the fundamental part from the 
DG output voltage. On the other hand, HPD is 
multiplied by a constant which is called “Harmonic 
Compensation Gain (HCG)” to generate “Harmonic 
Conductance Command (G*)”. Thus, the amount of 
compensation is proportional to HDP and HCG. Proper 
selection of HCG ensures that the compensation will 
not lead to DG inverter overloading or control system 
instability. Finally, .harmv and G* are multiplied to 
generate harmonic compensation reference current 
( *HCI ). In this way, G* makes the DG behave as a 
resistance at harmonic frequencies to damp the voltage 
harmonics.  
As a result of compensation, HDP will decrease (as 
presented in the next Section). So, an inherent negative 
feedback exists in this compensation method. This is 
like a droop characteristics which helps to achieve 
sharing of compensation effort.  
On the other hand, in [4] a power named “Harmonic 
Volt-Ampere Reactive (H)” is used for sharing of 
harmonic compensation effort among the DGs. With 
the compensation of voltage harmonics this power 
increases. So, in order to achieve sharing of 
compensation effort, the following droop characteristic 
is used in [4]. 
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In (11), H0 and G0 are the rated values of harmonic 
VAr and conductance, respectively.  
The method presented in [4] for estimation of H0 is 
not straight-forward. Furthermore, if H>H0 the control 
system becomes instable. Also, inclusion of G0 in (11) 
is not justified in [4]. In the present paper, these 
problems are solved through using HDP instead of H 
for sharing of harmonic compensation effort. 
3. Simulation Results 
Simulation studies are performed on the electrical 
system of Fig. 1. The MG and the utility grid are rated 
at 400V/50Hz. Other power stage parameters are 
presented in TABLE II. For simplicity, a, b and c 
subscripts are not shown in this TABLE, since the 
electrical system is balanced. In order to simulate 
asymmetrical distribution lines, L1o=Lo /2 and L2o=Lo. 
The switching frequency of the DGs inverter is 10 kHz. 
Rv and Lv are chosen as 1Ω and 2mH, respectively. 
The parameters of the power controllers are listed in 
TABLE III. As mentioned earlier, in the islanded mode 
nI is zero. 
HCG is set to 0.0145 and 0.0120 for islanded and 
grid-connected modes, respectively. Harmonic 
compensation is activated at t=0.6sec. In order to avoid 
control system oscillations, compensation is activated 
by multiplying *HCI  with a ramp having the rise-time 
of 0.05sec. 
3.1 Islanded Operation 
As mentioned before, in the islanded mode Pref =0 
and Qref =0. In this way, the power controllers will act 
to achieve even sharing of P and Q between the DGs.  
Fig. 6 shows P and Q sharing of the DGs. It can be 
seen that in spite of unequal line impedance between 
DGs and the nonlinear load connection point, the 
powers are well-shared and the well-sharing is 
maintained after harmonic compensation activation.  
DGs output voltage improvement after 
compensation activation is obvious in Fig. 7. As seen, 
DG1 output voltage is more distorted, since the line 
impedance between DG1 and the nonlinear load 
connection point is lower. DGs output voltage THD 
and HDP are shown in Figs. 8(a) and 8(b), 
respectively.  As shown, as a result of compensation 
THD and HDP values are significantly decreased.  
3.2 Grid-Connected Operation 
In the grid-connected mode, Pref   =1500, Qref  =0. Pref 
is applied at t=0.4sec by multiplying with a ramp. The 
ramp rise-time is 0.1sec. It is noteworthy that in grid-
connected mode, Qref may have other non-zero values.  
Fig. 9 shows P and Q of two DGs. It can be seen 
that the reference values are tracked well. Also, utility 
grid active and reactive powers (Pg and Qg, 
respectively) are shown in Fig. 10. 
DGs output voltages can be seen in Fig.11. DGs 
voltage THD and HDP which shown in Figs. 12(a) and 
12(b), respectively, are decreased due to compensation. 
TABLE I: PR Controllers Parameters 
kpV krV ωc kpI
 
krI1 krI5
 
krI7
1 20 4 2 500 90 90 
TABLE II: Electrical System Parameters 
Vdc 
(V)
 L 
(mH)
 C 
(µF)
 Lo 
(mH)
 Rnl 
(Ω)
 Lnl 
(mH)
 Cnl 
(µF)
 Rg 
(Ω)
Lg 
(mH)
650 1.8 25 1.8 25 0.084 235 0.5 5 
TABLE III: Power Controllers Parameters 
E0 ω0 mP mI nP nI 
2230  100pi 0.0002 0.0015 0.015 0.3 
αβ,cv *HCI
*ω
BPF
HCGHDP
*G
−+ ⊗.harm
v
 
Fig. 5: Block diagram of voltage harmonic compensation 
 
 
 
Fig. 6: P and Q sharing (islanded mode) 
 
 
After CompensationBefore Compensation
 
 
Fig. 7: DGs output voltage waveforms (islanded mode) 
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Fig. 8: (a) THD (b) HDP (islanded mode) 
 
Fig. 9: P and Q of two DGs (grid-connected mode) 
 
Fig. 10: Utility grid active and reactive powers 
 
After CompensationBefore Compensation
 
 
Fig. 11: DGs output voltage waveforms (grid-connected mode) 
4. Conclusions 
 In this paper, an approach for compensation of 
voltage harmonics in a microgrid operating in islanded 
and grid-connected modes is presented. In order to 
improve sharing of harmonic compensation effort, a 
new definition for harmonic distortion power is used.  
The results show that by using the proposed control 
approach fundamental and harmonic distortion powers 
are properly shared between DGs and also the output 
voltage waveforms are improved.  
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